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Specification /li 

1. Title of the Invention ; METHOD FOR MANUFACTURING A THIN-FIUyi 

SEMICONDUCTOR DEVICE 

2 . Claims 

1. A method for manufacturing a thin-film semiconductor*^device 
with the following characteristics: in a method for manufacturing 
a thin-film semiconductor device which possesses an insulating 
substrate and a semiconductor layer which has been formed above 
said insulating substrate, the following processes are implemented: 
a process whereby an impurity atom is introduced into said 
semiconductor layer in a plasmatized state, a process whereby 
hydrogen atoms which are introduced together with said impuxity 
atom are removed by means of a thermal treatment, and a process 
whereby the impurity introduced into said semiconductor layer axe 
activated by irradiating a laser beam on the surface of said 
semiconductor layer. 

2. The^ method for manufacturing a thin-film semiconductor 
device specified in Claim 1 wherein the wavelength of said laser 
beam corresponds to the ultraviolet region. 

3. The method for manufacturing a thin-film semiconductor 
device specified in Claim 1 or 2 wherein said laser beam is a 
pulsated laser beam. 

3 . Detailed explanation of the invention 
(Industrial application fields of the invention) 

The present invention concerns a method for manufacturing a 

^Numbers in the margin indicate pagination in the foreign text 
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thin film semiconductor device. More specifically/ the present 
invention concerns .a method for manufacturing a thin-film 
semiconductor device which is ideal for an active matrix-type 
display. 

(Prior art of the invention) 

As far as conventionally-known methods for manufacturing 
polycrystalline silicon (abbreviated as "Poly-Si") thin-film 
semiconductor devices (abbreviated as "tfT") which are used for 
active matrix-type displays are concerned, impurity atoms are 
introduced into a semiconductor layer by the ion implantation 
method, and after a thermal activating treatment has subsequently 
been performed at approximately 600°C, source and drain regions are 
formed, as is noted in Nikkei Electronics . September 10, 1984, pp. 
210-^. 

In order to improve the display quality in the aforementioned 
display which utilizes the TFT which has been formed by the ion 
implantatior\ method, it is necessary to reduce the thickness of the 
Poly-Si film for the purpose of lowering the leak current in the 
direction opposite the TFT. 

In a case where the thickness of the Poly-Si film is /2 
reduced, it is necessary to form shallow junctions in source and 
drain regions. If the thickness of the Poly-Si film is reduced to 
approximately 500 A or less, however, impurity atoms transgress the 
semiconductor layer, and as a result, it is impossible to form a 
table junction. 

As far as novel impurity introduction techniques which can 
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replace the ion implantation method are concerned, the laser dope 
method, which is mentioned in JEEE Electron Device Letter . EDL-6 
(1985), p. 291, and the plasma dope method, which is mentioned in 
Japanese Patent Disclosure No. Tokkai Sho 61 [ 1986 ] -14762 , have been 
investigated. 

(Problems to be solved by the invention) 

In the laser dope method, a semiconductor substrate is placed 
in a gas which contains an impurity to be doped, and after said 
semiconductor layer [sic] has been melted by irradiating a laser 
beam from above, the impurity atoms adsorbed on the semiconductor 
surface are doped into the semiconductor, 

A shallow junction can be formed in this laser dope method, 
but in this case, it is not necessarily possible to introduce 
sufficient quantities of ijnpurity atoms to the semiconductor 
substrate surface, and as a result, it is impossible to obtain a 
sheet with a low resistance level. 

In the. plasma dope method, on the other hand, a gas which 
contains an impurity to be doped is plasmatized by using a high 
frequency or DC bias, and as a result, the impurity atoms are doped 
into the semiconductor. 

In this plasma dope method, the quantities of the impurity 
atoms introduced to the semiconductor are far larger than those in 
the laser dope method. In said plasma dope method, however, it is 
impossible to fully activate the impurity atoms at a thermal 
treatment temperature of approximately 600**C or lower, and if 
attempts are made to activate the impurity atoms based on the 
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thermal treatment alone, it becomes necessary to elevate the 
temperature to approximately 800«C or higher. In such a case, 
diffusive doping is inevitable, and as a result, the impurities are 
reconfigured. 

An example of activating methods other than the thermal 
treatment, which is mentioned in Japanese Patent Disclosure No. 
Tokkai Sho 56[1981]-24954, is a method wherein impurity atoms are 
introduced into a semiconductor substrate by the ion implantation 
method and wherein the impurity atoms are subsequently activated by 
irradiating a laser beam. 

If this method is used in combination with the plasma dope 
method, however, depressions and protrusions are formed on the 
Poly-Si surface, and even if a TFT is subsequently prepared, it 
fails to exhibit satisfactory performances. 

The objective of the present invention is to provide a method 
for manufacturing a thin-film semiconductor device wherein 
sufficient quantities of activated impurity atoms are introduced to 
a thin Poly-Si film which has been formed on the surface of an 
insulating substrate (e.g., glass substrate, etc) for the purpose 
of forming an excellent shallow junction. 
(Mechanism for solving the problems) 

The aforementioned objective can be achieved by implementing 
a process whereby an impurity atom is introduced into said 
semiconductor layer in a plasmatized state, a process whereby 
hydrogen atoms which are introduced together with said impurity 
atom are removed by means of a thermal treatment at approximately 



' FROMi-=7t)3903958?=FAX5000L /081-462702408= /10-l=-n-05:21/001-008«6^48oi3525i2 p e 

% 

eOCC, and a process whereby the impurity introduced into said 
semiconductor layer are activated by irradiating a laser beam on 
the surface of said semiconductor layer, as Figure 3 indicates. 
(Functions of the invention) 

In a case where ijnpurity atoms are introduced to Poly-Si in a 
plasmatized state, sufficient quantities (> 10^^ cm'^) of impurities 
are introduced to the Poly-Si surface region. Generally speaking, 
impurities are introduced into reaction chambers in the form of 
hydrides (e.g., PH^, B^H^, etc.)* such a case, the hydrogen 

atoms are also plasmatized, and the concentration of such atoms 
introduced to the Poly-Si exceeds that of the impurity atoms. 

If attempts are made to activate the impurity atoms by means 
of laser irradiation immediately after the plasma doping, 
therefore, the hydrogen atoms are quickly desorbed from the Poly-Si 
substrate, and as a result, depressions and protrusions are formed 
on the Poly-Si surface. 

In a case where a thermal treatment is performed while the 
temperature of the substrate is being maintained at approximately 
600"C after it has been gradually elevated, the hydrogen atoms are 
gradually released from the Poly-Si substrate, and as a result, a 
smooth state is maintained on the Poly-Si surface. It is 
impossible, however, to fully activate the impurity by the 
aforementioned thermal treatment at approximately 600*'C alone. 
This is presumably attributed to the presence of residual hydrogen 
in Poly-Si or hydrogen desorption spots. 

Next, in a case where an excimer laser, which is a pulsated /2 
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laser in the ultraviolet region, which is characterized by a high 
absorption coefficient vis-a-vis Si (silicon), is irradiated, only 
a thin layer of the Poly-Si surface is melted over a brief period 
(0.1 MS) and then recrystallized . During this process, the 
impurity atom enters the lattice positions of Si, and the 
activating efficiency is nearly 100%. 

Figure 2 is a diagram which shows an example of the 
relationship between the laser beam intensity and sheet resistance 
in a case where a laser beam is irradiated on a sample which has 

been plasma-doped and thermally treated. 

As the figure clearly indicates, the coefficient resistance 

decreases as the laser beam intensity increases. The sheet 

resistance is saturated at approximately 2 x 10^ Q/O at a laser 

beam intensity of approximately 150 mJ/cm^. 
(Application examples of the invention) 

In the paragraphs to follow, an application exaimple of the 

present invention will be explained in detail with reference to 

figures . 

Figure 1 shows the cross-sectional structure of a TFT 
pertaining to the manufacturing method of an application example of 
the present invention. 

(1) is a glass substrate with a strain temperature of 
approximately 640°C- While the temperature of the substrate (1) is 
being maintained at SSO^'C, the LPCVD film (2) is deposited on the 
surface of the substrate (1) by the low-pressure CVD (abbreviated 
as LPCVD) method at a pressure of 1 Torr by using a feed material 

B 
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obtained by diluting gaseous monosilane at 20% by using helium. 
The deposition time is 25 min., and the film thickness is 500 A. 

After an island-shaped pattern has been formed on this filia by 
means of an island-photoetching process, the gate-insulating SiO^ 
film (3) is deposited on the entire surface of the LPCVD film (2) 
by the normal-pressure CVD method at a thickness of 1,000 A ((a) of 
this figure) . 

Next, a Poly-Si film which serves as the gate electrode (6) is 
deposited at a thickness of 2,000 A at 550®C and 1 Torr by the LPCV 
method. Subseqiiently , the gate electrode (6) and gate insulating 
film (5) are formed by means of photoetching , 

Subsequently, phosphorus is plasmatized with a high frequency 
of 13.56 MHz by using 1% PH^ as a feed material. After it has been 
doped into a Poly-Si substrate, which is being heated at 300®C, the 
source region (3) and the drain region (4) are formed. In this 
case, phosphorus is also doped into the aforementioned gate 
electrode (6). The pressure and doping time are 1 Torr and 30 
min. , respectively. 

Subsequently, the temperature of the substrate is gradually 
elevated to 600**C in N^, and subsequently, a thermal treatment, is 
performed over a 4-hour period. As a result, hydrogen atoms which 
have been introduced to the substrate are removed* 

Subsequently, an XeCl excimer laser, which is a pulsated laser 
with a wavelength of 308 nm, is irradiated for the purpose of 
activating the impurity atoms. The laser beam intensity is 300 
mj/cm^ {{h) of the figure). 



Next, a phosphorus glass (abbreviated as "PSG") is deposited 
at 500 A at 480^*0, and as a result, the passivation film (7) is 
formed ((c) of the figure). 

After a contact -photoetching process has subsequently* been 
implemented, the Al electrode (8) is attached at a thickness of 
6,000 A by the sputter method ((d) of the figure). 

The TFT is completed according to the following procedures. 
The channel width and length of the TFT obtained in the present 
application example are 50 fun and 10 ^m, respectively. The 
bac)cward-direction leak current (V^ = -5 V; Reese drain voltage V^^ 
= 10 V) , which has been calculated based on the drain current le- 
gate voltage Vq curve, is 5 x 10*^^ A, and its junction 
characteristics are excellent, 
(Effects of the invention) 

Sufficient quantities of activated impurity atoms can be 
introduced to a thin Poly-Si layer formed on a glass substrate' in 
the present invention, and as a result, an excellent shallow 
junction can be f ormed • 
4 . Brief ex planation of t ihe figures 

Figure 1 shows a cross-sectional view of the production 
process of an application example of the present invention. 

Figure 2 is a diagram which shows the relationship between the 
laser energy density and sheet resistance. 

Figure 3 is a block diagram which shows the outline of the 
present invention. 

(1): Glass substrate; (2): LPCVD film; (3): Source region; 
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,5,. Gate insulating film; (6): Gate electrode; 
(4): Drain region; (5). Gate in 

(7): passivation film; (8): Al electrode. 
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